Introduction
The propagation factor M 2 is an important indicator for evaluating laser beams [17] . Other techniques, with no need to a movement stage, were designed and adopted. They include the measurement of the beam intensity at a xed plane and behind several rotating lens combinations [8] , single image processing using distorted Fresnel zone plates [9] , eld reconstruction by modal decomposition [10] , and digitally simulating the free-space propagation of light using a spatial light modulator [11, 12] . Another approach to measure the M 2 uses a ShackHartmann wave-front sensor, but was shown to yield unpredictable result while multimode beam analysis [13] . According to the ISO stan- 
The coecients a, b, and c of the hyperbole shall be de- 
The implementation of this technique utilizes the random walk method. The corresponding algorithm can then be summarized as follows:
1. A set of initial values for the variables a, b, and c are chosen.
2. The error factor χ 2 0 is calculated using the following formula: The random number generator is based on the portable random number generators presented in [14] . The period of the random number sequence is about 2.3×10
18 , which is eectively taken to be innity for this purpose. The initial seeds for the random number generators are generated using the built-in random number generator in Borland C++ Builder [15] , which in turn is seeded by the current computer time.
This method converges at a rate
only on the number of tries N regardless of the number of parameters used [14] .
Initial values of the tting process
The Monte Carlo least-squares tting algorithm was tested for dierent experimental laser beams and it converged for all the cases. 
where λ is the laser beam wavelength.
The laser beam parameters can be expressed analytically by solving Eq. (3) and using three experimental
The divergence angle and the Rayleigh range can be deduced from Eqs. (4) to (6) and are as follows [15] :
Hence, all the beam parameters could be calculated for ideal beams using only 3 experimental points. For general beams, it is necessary to perform the least-squares tting indicated in the ISO document [5] and the above values are used to determine the initial values of the tted parameters a, b, and c: The output pump at the ber end was collimated and focused to a spot diameter of 520 µm using two antireection-coated plano-convex lenses (1) and (2) with 50 mm and 100 mm focal length, respectively. Figure 2 shows the pump spot size near the focus of the lens (2) determined by the second order moments of the power. 
All the experimental precautions and steps (worming, background, integration area, etc.) mentioned in the ISO document [5] were strictly observed. The measurement of the cross-sectional power density distribution at each location z was repeated ve times. A high power
Glan cube polarizer was introduced to minimize the laser power reaching the detector. A narrow 10 nm bandpass lter at the laser wavelength was used to eliminate the residual pump and the surrounding optical noise. A focusing lens (6) (f = 175 mm) was used to create an articial waist of the beam in order to measure its beam propagation factor. It was veried that none of the optical elements used signicantly inuenced the relative power density distribution.
The CCD camera was carried on a 50 cm long optical rail in front of the focusing lens and the measurements of the beam width are taken at more than 10 dierent z positions along the propagation axis.
The Monte Carlo least-squares tting was done (Fig. 3) and the best M 2 value of the Nd:YVO 4 laser beam was 1.08. Figure 3 shows that the dierence between the initial 3-point hyperbola (dotted line) and the Monte Carlo t (solid line) is very small. The ABCD method [1618] was used to calculate the TEM 00 mode inside the laser cavity along the two x and y axis. The thermal lens produced inside the laser crystal was taken into account as detailed by previous researchers [1922] . The TEM 00 diameter at the laser crystal was found to be about 590 µm. In general, an aperture is introduced inside the laser cavity to ensure a single transversal mode TEM 00 oscillation [16, 23] . This aperture will drastically reduce the laser output. Instead, the size matching between the pump spot and the TEM 00 mode would allow for a total use of the pump resulting in higher laser eciency and only 6.5% loss of the total output power.
Conclusions
The Monte Carlo least-squares tting technique was the best overlapping between the pump spot size and the TEM 00 mode diameter at the laser crystal.
